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If the fluid conductivity is infinite, then the incident flow i n  which the 

magnetic f ie ld  I s  assumed t o  be absent cannot penetrate the region occupied by 
the magnetic f ie ld  (the magnetic lines of foree are "frozen" into the fluid for  
infinite conduetivity). 
consists of the magnetized body and a "cavern", a region i n  which is the magnetic 
field. 

le% us consider the cavern to be f i l l ed  w i t h  the stredining f l u i d  since the 
f lu id ,  although slowly, can penetrate within the cavern f o r  a large but f in i t e  
conductivity 

Hence, it follows that the region being stresmlined 

. 
This region can be empty or  can be f i l l e d  w i t h  fluid. To be specific, 

kt us consider the stationary streamline flow caseo Generally speaking, 
steady f l u i d  mt ion  is possible within tbe cavern but we shall subseqyently con- 
sider khat the fluid is at  sese within the cavern a d  we shall seek the shape of 
the cavern and Let  us, notie that the velocity i n  
the cavern certainly equals z e m  when all .the magnetic l ines  of force start and 
terminate i n  the body. mtting v = 0 i n  the m a g w t & y d . m ~ c  equations, we 

obtain : 

the magnetic f i e l d  therein. 

is the pressure within the eavem, where the following conditions 
n + when pcav 

must be sat isf ied on tbe cavern-flow boundary (pf 
is %he unit vector) 

is pressure in  the flow; 

- l $  pf - pcav -6- &i 
The first condition result;s from the absence of magnetic f i e l d  sources and is 
sat isf ied on the boundary of the region being s t r ed l ined  and %he second expresses 
the fac t  that the n o m  stresses [the tangent id  magnetic stress automatically 
equals Z e r o  by compliance wikh %he first condition of (2) 1 are equal. 

A magnetic f ie ld  can be assigned within tbe body (when the bow conductivity 
is infinite,  say) OF the currents 
( 3 )  
can be given in the body but %he mgse%fe f i e ld  intensity in  We body must be 
detemined from the solution of pmblem, Eence, tihe m m l  components of 
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.c 
of the vectors 3 and r o t  H must be continuous along the normal. a t  the cavern- 
body interface. 

But equations (1) w i t h .  their boudary conditims and conditions within the 
body do not give a unique solution of the problem. 
motion being considered as arising fr0m a r e s t  s t a t e  c m  depend on how the 

magnetic field was "frozen" i n  the f lu id  i n  the original state. 

Actually, the stationary 

In order that the solution of the problem should be independent of the 
original state and should only depend on the conditions within the body, l e t  us 
impose the following additional conditions (which iwe not obligatory, generally) 
on the magnetic f ield.  

kt 

Q 4) r o t  rot B = 0 

within %he cavern and l e t  

on the cavern-stream interface. 
%o isolate  that solution t o  which s-batiomqr solutions with f in i t e ,  constant 
conductivity cr approach as d a m  . H e r e ,  it -8 assumed that there is a 
region where v -0 
term i n  a generalized Q h n s  l a w  

!i!hese conditions were obtained i n  an attempt 

-c 
i n  the neighborhood of the body and dm that the last 

approaches zero as d+o . 
Equations ( 3 )  md (4) can be combined into one equation describing the 

magnetic f ie ld  i n  the *&ole region being s t r c d i n e d : :  

+ d  
show that the difference of $he ~ W Q  askutioms - H2 = E3 is zero. Actually, 
8 3 satisfies (4) everywhere i n  the regim being s t a x d i n e d  a d  satisfies (5) 
and the first condition of (2) on i t s  whole boundary. Eenee, we conclude that 

(7) ~"0% = g a d  f 



v' 
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and that f = const on the boundary. Taking %he div of both sides Of (7), we 

obtain At' = 0 and, therefore, grad f = 0 everywhere in the  region being 
streamlined. Then, it follows from (7) that H = grad \Ir and, taking the first 
equality of (1) into account, we obtain & = 0 and the equality 2 = 0 w i l l  
be satisfied on the baundary beesruse s>f the first condition of (2). Therefore, 

3 

3 

+ 
9 = e @ ~ s t  a d  H = O  . 3 

Equation (6) is slmpliffed when the problem is planar or &symmetric. Let 

us iatmduee the x,y,z coordinates in the planar east? (the x and y axes are 
in the plane of e m t r y )  and the eoordinstes xsy,4 
(me x axis is a e  a x i s  ef s y ~ ~ ~ t r y ) ,  %e cmen.t;s wiain =~AE cavern 
+ e  

in the axisymmetric case 

.L 
ret H are in the xy plane in both eases. This fellows f m m  (4) and ( 5 )  =&i 

as well as f m m  3 = CI in the incident f l o w ,  
as folbows.. 

Consequent*, (6) can be written 



. 
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imxmpressi@le f luid.  

we w i l l  denote by a 
veloeity outside it are given by 

The surface being streamlined is a cylinder whose radius 
The magnetic f ield within the cylinder and the f lu id  

where Uo and Eo are constants related by means of 

8 0 = Sxpri! 0 

The pressure w i t h i n .  the cylinder p, i s  c o ~ 4 ~ ~ 1 - t  and related t o  the staepstion 
PIESSW O f  * iZlCi&ll% fbOW Po 88 f Q U O W S :  

Po - p, - h e  
2. Supersonic flow around a wedge along a s e  surface a current of con- 

stant density i flows para l l e l  to the edge of" the wedge. To be specific, let 
us consider that tihe current flows i n  opposite direetione on the different qdges 

of the wedge. The f l o w  p i c k r e  and the behavior of the magnetic l ines  of force 
are shown Qn figure 1, 

The l i n e  I is the plane of 

Figure 1 

symetry,  I1 is a shock wave, I11 is the 
cavern bun- and IY is the wedge edge. 

The streamlines &%er the sBo& wave t rave l  
p d l e b  *a the cavern b0~~1dax-y; the external 
f l s w p r e s s u e  pf is constant. The magnetic 
l i nes  of force i n  the cavern t rave l  parallel 
to its b s p m w  a d  the e t i c  f ield 

presswe i n  the cavern is  related to the flow 
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*en ilpin = WOO . 
Thus, a necessary condition for the existence of a cavern is i > i  min ' 

Supersonic flow around a cone along whose surface flows 8 current of 
Otherwise, the cavern is missing and the usual flow around a wedge occurs. 

3. 
c o n s a t  density i directed perpendicularly to the cone generators. m e  
streamline picture remains approximately the saae as the streamlines behind the 
shock wave and the magnetic lines of force in the cavern cease to be straight. 
The bebvior Qf the magnetic linea of force in tihe cavern is given by 

Here HP 
drawn f r o m  the cone vertex; 
the axis of syeesletry; 

is the magnetic field inteneity component d ~ n g  tbae radius-vector 
is the angle made by the radius-vector w i t h  8 

is the magnetic field intensity component peppend- 
iculerr to Hr . The csnstantx e, anid C2 are detemined f m m  the conditions 

The magnetic field in%@nsity is eonstant within the cone and the magnetic 
Lines of force m e  parallel to the axis of symmetry. 

density is determined f r o m  the equalit3 

The surface current 

are =t&e tangential magnetic field intensities of the 

cavern and the cone, respectively, on the cone surface. Ibp ifig d s o  exists 
for a cone, which is expressed by t h e  sese %o 

where %av t and *c t 
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